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Background: Atrial ﬁbrillation is a common complication following major vascular surgery. It is often
considered to be relatively benign but may represent the ﬁrst sign of cardiac and non-cardiac compli-
cations. We conducted a retrospective study to determine the incidence and clinical associations of atrial
ﬁbrillation following open elective abdominal aortic aneurysm repair as well as its effect on prognosis.
Methods: The case-notes of 200 consecutive patients undergoing open aneurysm repair were reviewed.
Known pre-operative and intra-operative risk factors and potential post-operative associations with
new-onset AF were recorded. Signiﬁcant univariate correlates with AF were entered into a forward
stepwise logistic regression model to test for independence. The effect of new-onset AF on long-term
prognosis was assessed.
Results: AF developed in 20 patients (10%) post-operatively. Previous cerebrovascular disease, aneurysm
size and post-operative cardiac failure were associated with post-operative AF in univariate analyses.
Cerebrovascular disease and post-operative cardiac failure were independently associated with new-
onset AF. AF patients had a longer hospital stay. There was no difference in survival between those
patients with and without new-onset AF.
Conclusion: New-onset AF is a common complication of open abdominal aortic aneurysm surgery and
may indicate an underlying myocardial infarction. It is associated with a longer hospital stay and an
increased risk of cardiac failure. Assessed and treated appropriately, it appears to have no effect on long-
term prognosis.
 2008 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
New-onset supraventricular arrhythmias (SVAs) affect between
15% and 40% of patients following cardiothoracic surgery.1–6 They
are also common after major non-cardiac surgery, occurring in
4–20% of patients depending upon the type of procedure.7–11 Atrial
ﬁbrillation (AF) is the single most common post-operative
dysrhythmia, accounting for about two-thirds of all cases.9–11
Cardiac co-morbidities have a high prevalence in patients under-
going abdominal aortic aneurysm (AAA) surgery, which may
increase their risk for post-operative AF. Studies on AF following
aortic surgery have predominantly been based on a large propor-
tion of thoracic cases.12,13 Whilst direct mechanical irritation may
trigger dysrhythmias following thoracic surgery, such a mechanism
is unlikely to account for AF following AAA repair. We conducted
a retrospective study in order to determine the incidence, risk
factors and clinical correlates of AF following open AAA repair. Asoorani).
ciates Ltd. Published by Elsevier Lta secondary objective, we aimed to assess the effect of post-oper-
ative AF on the medium-term prognosis following AAA repair.2. Methods
The medical records of consecutive patients undergoing elective
open AAA repair between 1998 and 2004 were retrospectively
reviewed. Patients scheduled to undergo major vascular surgery in
the unit are clerked on a standard, structured proforma that
includes details of past medical history, echocardiographic results,
electrocardiography and POSSUM scoring data for subsequent audit
purposes. All patients were under the care of a consultant vascular
surgeon. The procedures were performed in a tertiary referral
vascular unit, serving a population of approximately 900,000.
Patients undergoing urgent repair for symptomatic aneurysms
were excluded. Demographics and risk factors for atherosclerosis
(smoking, hypertension, diabetes) were noted. Risk factors for post-
operative arrhythmias were recorded: congestive cardiac failure,
previous myocardial infarction, angina, valvular heart disease,
chronic renal insufﬁciency, respiratory disease, and previous
arrhythmia. The presence of Q waves, ST or T wave changes or >5d. All rights reserved.
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noted. Pre-operative serum potassium levels were recorded as was
body mass index, operative blood loss and aneurysm diameter.
Details of any post-operative complications and in-hospital
mortality were also noted.
All patients underwent open AAA repair under general anaes-
thetic with thoracic epidural analgesia to facilitate immediate post-
operative extubation and self-ventilation. All patients underwent
continuous electrocardiogram monitoring for the ﬁrst 24 h post-
operatively, in either the intensive care unit or a dedicated ‘fast-
track’ recovery bed.14 Cardiac monitoring was continued until the
patient was discharged to the general ward. Thereafter, patients
underwent 12-lead electrocardiography (ECG) at the discretion of
the responsible surgical team. New-onset AF detected on cardiac
monitors was conﬁrmed by 12-lead ECG.
Continuous data are expressed as mean (95% conﬁdence
interval) or median (interquartile range) for parametric and non-
parametric data, respectively. Categorical data are expressed as
absolute number (percentage). Continuous data were compared
using the Mann–Whitney U-test and Student t-test as appropriate.
The Fisher Exact Test and Chi-square tests were used to compare
categorical data. Variables with a p-value of 0.1 or less in the
univariate analyses were then entered into a stepwise logistic
regression model to test for independence. The least signiﬁcant
variable was dropped from eachmodel until all remaining variables
were signiﬁcant. Signiﬁcance in the multivariate model was set at
5%. All p-values are two-sided.2.1. Survival analysis
Survival for each patient was determined from their medical
records. Patients were censored either on the date of their death or
the date of their last contact with hospital services. Survival for
those with and without post-operative AF was calculated by the
Kaplan–Meier method and compared using the log-rank test. A
two-sided p-value at the 5% level was considered signiﬁcant in the
log-rank test.3. Results
Two hundred consecutive patients undergoing elective open
AAA repair were identiﬁed. All medical records were available for
review. The mean age of the cohort was 70 years (95% conﬁdence
interval 69.6–71.9) and 88% were male. Post-operative AF occurred
in 20 patients (10%). Post-operative epidural analgesia was used in
95% of the patients. There were 9 peri-operative deaths, 2 in
patients with post-operative AF. There were no signiﬁcant differ-
ences between the two groups with respect to demographic factors
or risk factors for atherosclerosis (Table 1). A comparison of
potential risk factors for post-operative AF revealed that AF patients
were more likely to have a history of cerebrovascular disease
(cerebrovascular accident or transient ischaemic attack) and had
smaller aneurysms (Table 2). There were no differences in intra-
operative blood loss between the two groups. Post-operatively, AF
patients were more likely to develop cardiac failure. There were no
signiﬁcant associations between any other post-operativeTable 1
Comparison of baseline demographics and risk factors for atherosclerosis.
Variable AF (n¼ 20) No AF (n¼ 180) P
Age (median – IQR) 74 (66–77) 72 (70–77.5) 0.12
Male 18 (90%) 158 (79%) 0.83
Diabetic 0 17 (8.5%) 0.15
Hypertension 11 (55%) 100 (50%) 0.96complications and AF (Table 3). However, AF patients had a longer
post-operative stay (median 12 days versus 10 days; p¼ 0.01).
Having identiﬁed pre-operative cerebrovascular disease, aneu-
rysm size, post-operative chest infection and post-operative cardiac
failure as potential correlates with AF, multivariate logistic regres-
sion models were constructed. The least signiﬁcant factor was
dropped from each iteration of the model until all remaining
variables were signiﬁcant at the 5% level. In the ﬁnal model, cere-
brovascular disease (odds ratio 4.6; 95% CI 1.47–15.55; p¼ 0.009)
and post-operative cardiac failure (odds ratio 5.8; 95% CI 1.64–
20.54; p¼ 0.006) retained independent signiﬁcance.
3.1. Clinical course of AF patients
The arrhythmias all occurred in the ﬁrst post-operative week,
a median of 4 days after surgery. Themost common precipitant was
a chest infection (7 patients), followed by myocardial infarction in
two patients. Pulmonary consolidation triggered AF in one patient,
hypomagnesaemia was responsible in one and a combination of
pulmonary consolidation and hypokalaemia accounted for another
patient’s AF. Finally, epidural-induced hypovolaemia and hypo-
tension triggered AF in one patient. No precipitating cause for the
AF was identiﬁed in the remaining 7 patients. No patient was
haemodynamically compromised by their arrhythmia. Fourteen
patients were treated with anti-arrhythmic medications for a short
time. The AF resolved in 17 patients after a median duration of one
day. Two patients died in AF and one patient remained in AF at
discharge.
3.2. Survival analysis
Patients were followed-up for a mean of 2.3 years post-
operatively. Kaplan–Meier curves were constructed for those with
and without post-operative AF (Fig. 1). Atrial ﬁbrillation had no
signiﬁcant effect on survival (Hazard ratio 0.97; 95% conﬁdence
interval 0.41–2.78; p¼ 0.91).
4. Discussion
The literature contains extensive data regarding AF after
cardiothoracic surgery. In contrast, few series examine AF in non-
cardiothoracic surgery. With respect to aortic surgery, there are
only three other series. One of these included only 8 patients,15
yielding few insights into the risk factors and clinical signiﬁcance of
arrhythmias. The other two included thoracic aortic patients, who
are at increased risk of arrhythmias due to the possibility of direct
mechanical irritation of the atria.12,13 To our knowledge, the current
series represents the only study to date of AF in purely abdominal
aortic surgery. Our data provide a number of clinically relevant
observations.
Ten per cent of our cohort developed post-operative AF. This is
similar to the 11% incidence of atrial ﬁbrillation (AF) reported by
Valentine.13 Perzanowski observed that AF developed in about 20%
of aortic surgery patients.12 Both of these studies included large
numbers of patients undergoing thoracic aortic surgery. However,
Perzanowski noted that the rate of post-operative AF in the thoracic
patients was 33% compared to 10% in the abdominal aortic patients,
identical to the observed incidence in our series. Feringa compared
the onset of cardiac arrhythmias in patients undergoing endovas-
cular versus open repair of abdominal aortic aneurysms and
reported an incidence of 6.3% of new-onset AF in patients under-
going open repair, which is slightly lower than seen in our cohort.16
Previous studies of arrhythmias in non-cardiac surgical patients
have reported a signiﬁcant association between new-onset
arrhythmias and other underlying complications.8–11,17,18 Polanc-
zyk’s series of over 4000 patients reported signiﬁcantly greater
Table 2
Comparison of pre- and intra-operative risk factors between the two groups.
Variable AF (n¼ 20) No AF (n¼ 180) P
Previous MI 2 (10%) 36 (20%) 0.29
Angina 6 (30%0 42 (23%) 0.51
Smoker 7 (35%) 66 (37%) 0.88
CRF 6 (30%) 41 (23%) 0.47
Previous malignancy 1 (5%) 4 (2%) 0.49
Previous arrhythmia 0 12 (6%) 0.27
Valvular heart disease 1 (5%) 1 (0.5%) 0.2
Cerebrovascular disease 6 (30%) 14 (8%) 0.008
Respiratory disease 1 (5%) 7 (4%) 0.76
Aneurysm diameter in cm
(median; IQR)
6 (5.6 to 6.5) 6.5 (5.8–7.15) 0.06
Body mass index
(mean; 95% CI)
26 (24.8 to 28.6) 26 (25.9–27.4) 0.95
Cardiomegaly on CXR; raised JVP 1 (5%) 18 (10%) 0.53
Abnormal pre-op ECG 5 (25%) 47 (26%) 0.94
Pre-operative serum potassium
(mmol/dL)
4.7 (4.4 to 5) 4.9 (4.1–5.6) 0.73
Blood loss> 999 ml 11 109 0.81
Survival Plot (PL estimates)

















Fig. 1. Kaplan–Meier survival curves for patients with (1) and without (0) post-
operative AF.
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among supraventricular arrhythmia (SVA) patients.9 In fact, the
relative risk of bacterial pneumonia among SVA patients was
between 5.5 and 9.9, almost twice the risk of myocardial ischaemia.
In our series, post-operative chest infections were almost twice as
common in AF patients (35% versus 18%). This did not achieve
statistical signiﬁcance, probably due to the relatively small sample
size. However, chest infection was included in the multivariate
analysis due to the known association with supraventricular
arrhythmias.
Myocardial infarction (MI) may trigger arrhythmias. In Valen-
tine’s series, 14% of AF patients had an antecedent MI. Perzanowski
noted a concomitant MI in 20% of AF patients. Neither series
observed a statistically signiﬁcant association between MI and AF
following aortic surgery. Similarly, the rate of MI in our AF patients
(10%) was not signiﬁcantly greater than the rate in patients without
AF (6%). However, when the data from all three series are pooled,
new-onset AF is associated with a greater risk of MI (relative risk
3.66; 95% conﬁdence interval 1.94–6.69; p¼ 0.0004). Myocardial
infarction must be ruled out in any patient who develops new-
onset AF following aortic surgery. The only post-operative
complication independently associated with AF was cardiac failure.
A prospective study of new-onset arrhythmias following colorectal
surgery also observed a signiﬁcantly greater rate of pulmonary
oedema among patients with arrhythmias.11 The loss of the atrial
ﬁlling component during diastole in AF produces a rise in pulmo-
nary pressures19 and a reduction in cardiac output,20 which may
trigger pulmonary oedema.
Reduced heart rate variability has also shown to be associated
with the new-onset of cardiac arrhythmias in patients undergoing
AAA repair (open and endovascular), however, whether AF specif-
ically was associated this was not clearly reported.16Table 3
Comparison of major post-operative complications between the two groups.
Variable SVA (n¼ 20) No SVA (n¼ 180) P
Myocardial infarction 2 (10%) 10 (6%) 0.45
Cardiac failure 5 (25%) 14 (8%) 0.04
Pulmonary embolus 0 0 0.99
Cerebrovascular accident 0 0 0.99
Chest infection 7 (35%) 33 (18%) 0.1
Wound infection 0 8 (4%) 0.42
Any sepsis 7 (35%) 46 (26%) 0.5
Renal impairment 0 9 0.38
Peri-operative death 2 (10%) 7 (4%) 0.2Previous studies have found an underlying precipitant in up
to 80% of patients with new arrhythmias following non-cardiac
surgery.9–11,21 In contrast, one-third of the patients in our series
had no identiﬁable precipitant. We did ﬁnd that previous cere-
brovascular disease was independently associated with an
increased risk of post-operative AF. Long-standing paroxysmal
AF (PAF) may account for these observations. About 2% of
patients with an ischaemic stroke are found to have PAF on 24 h
Holter monitoring.22 In patients who have sustained a non-
disabling ischaemic stroke due to PAF, the physiological stress of
surgery could precipitate further attacks of PAF, even in the
absence of other precipitants such as sepsis or myocardial
ischaemia.
Although our study was retrospective, the incidence of AF is
almost identical to previously reported levels. It seems unlikely that
signiﬁcant episodes of AF have been overlooked due to the retro-
spective nature of our data. Previous studies have included thoracic
aortic cases, potentially confounding analysis of apparent associa-
tions of AF after AAA surgery. We have avoided this situation by
restricting the study to AAA patients only. AF following AAA is more
likely to occur in patients with a previous history of cerebrovascular
disease. The development of AF after AAA surgery is associatedwith
an increased risk of pulmonary oedema and myocardial infarction.
Length of stay is longer although there is no apparent effect on
long-term outcome. Targeted preventive strategies may reduce the
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